gouldii,
were studied by immunohistochemistry for neuropeptide Y(NPY)-like immunoreactivity.
In both species the morphology of two classes of amacrine cells (types A and B) were described. Cell somata were located mostly in the inner nuclear layer (INL) but were occasionally displaced into the ganglion cell layer (GCL). In the Pogona retina, type A cells had large somata and dendritic arbor that branched in sublamina (S) 1 and 2/3 of the inner plexiform layer (IPL). Type B amacrine cells had smaller somata and dendritic arbor branching mostly in S5 of the IPL. In the Varanus retina, the levels of dendritic branching of types A and B amacrine cells in the IPL were similar to those in Pogona although branching in the middle of the IPL occurred at S3. NPY-immunoreactive cells with small somata and narrow to medium sized dendritic fields were predominant.
Unclassified cells also displayed NPY-like immunoreactivity; however, their dendritic morphology could not be determined due to the faint and inconsistent staining. In transverse retinal sections three bands of NPY-like immunoreactivity were evident in the IPL of both species, to which the unclassified cells also contributed.
In both species type A cells were most numerous. Total NPY-immunoreactive cells were estimated to be 8,600 in Pogona and 32,860 in Varanus.
In both species types A and B cells were non-uniformly distributed across the retina. The most apparent non-uniformity in distribution was observed in type A cells in Varanus. Peak cell density was found across the horizontal meridian of the retina from where cell density decreased towards the dorsal and ventral retinal margins.
The results of this study provide evidence for the presence of NPY-immunoreactive amacrine cells in the lizard retina of which two types were morphologically characterized.
Cross-species comparisons were also made among NPY-immunoreactive amacrine cells, and their possible function/s discussed.
Recent immunohistochemical techniques have allowed the morphological characterization of a number of retinal neuron types on the basis of the likely presence of neurotransmitters including acetylcholine, GABA, glycine, monoamines and neuropeptides. Studies have shown the presence of neuropeptide Y-like immunoreactivity, one of the neuromodulator/transmitter substances, in the retina of many vertebrate species (BRUUN et al., 1984 (BRUUN et al., , 1986 OSBORNE et al., 1985; STRAZNICKY and HlscocK,1989) . Neuropeptide Y (NPY), a thirtysix amino acid peptide, has been isolated (TATEMOTo et al., 1982) and found to occur in various neuronal systems within the same species (GRAY and MORLEY, 1986) . It has been detected in varying amounts between species, with small quantities of NPY-like peptide reported in the retina of the cat, rat, rabbit and mouse, and larger amounts in the frog retina (BRUUN et al., 1986) . Little is known about the role of NPYlike peptides in the retina although it has been shown that the application of porcine NPY to chick and rabbit retina increased the spontaneous release of other transmitters, indicating the presence of receptors to NPY-related peptides (BRUUN et al., 1986) .
NPY-like immunoreactivity has been detected in a variety of cell types within the retina. In most species it has been localized to amacrine cells (BRECHA and KARTEN, 1985; OSBORNE et al., 1985; HISCOCK and STRAZNICKY, 1989) , although some bipolar cells in Rana temporaria (BRUUN et al., 1986 ) and large ganglion cells in the human retina (STRAZNICKY and HlscocK, 1989 ) also displayed NPY-like immunoreactivity. Information about the possible presence of NPYlike immunoreactivity in retinal neurons in reptiles is scarce. Studies from turtle retina have described neurons containing NPY-like immunoreactivity (ISAYAMA and ELDRED, 1988; ISAYAMA et al., 1988 ). Previously we have morphologically characterized substance P-like immunoreactive neurons in the retina of two Australian lizard species, Pogona vitticeps and Varanus gouldii, using both retinal wholemount preparations and sectioned material (HISCOCK and STRAZNICKY, 1991) . The present study employed antibodies against NPY to reveal the dendritic morphology and retinal distribution of immunoreactive neurons in the previously studied two lizard species.
MATERIALS AND METHODS
Fully grown specimens of Pogona vitticeps and Varanus gouldii were collected from the arid northern part of South Australia. Animals were anaesthetized with an intraperitoneal injection of Nembutal (10 mg/kg), killed by decapitation and the eyes were removed from the orbit.
Immunohistochemistry
The neural retina was separated from the other coats of the eye ball, fixed in Zamboni's fixative and prepared for immunohistochemistry according to previous descriptions STRAZNICKY, 1989, 1991) . The retina was cut into four quadrants and the pieces were incubated overnight with an antiserum raised in rabbit against porcine NPY (MACCARRONE and JARROTT, 1985) at a dilution of 1: 800 in phosphate buffered saline (PBS, pH 7.4) at room temperature.
Tissues were processed with either the FITC-fluorescent technique or the avidin-biotin peroxidase method.
After several washes in PBS, the tissue was incubated at room temperature for 1 h in one of the secondary antibodies. A FITC-coupled anti-rabbit IgG raised in sheep (Wellcome Diagnostics, Roseberry, Australia) diluted 1: 100 was used in the fluorescence studies.
Tissues were transfered to biotinylated anti-rabbit IgG diluted 1: 200 in PBS for the visualization of immunoreactivity with the avidin-biotin-peroxidase method. Finally the retina was flatmounted on gelatinized slides, the ganglion cell layer lying uppermost, and coverslipped in buffered glycerol (pH 8.6).
Sections were prepared from either FITC or peroxidase reacted wholemounts that were cryoprotected overnight in 30% sucrose prior to sectioning at 16 um in a cryostat.
The specificity of the NPY antiserum was tested by preincubating the antiserum with synthetic porcine NPY at 10-6-10-" M for 24 h before application to the tissue. All immunoreactivity was abolished at this dilution range.
Morphometric analysis
The number and density of NPY-immunoreactive neurons were determined from counts made at 300 x Scale bar=100 pm magnification in sample areas of 0.2 mm2. Drawings were made of the four retinal quadrants and the whole retina reconstructed by juxtaposition of the four parts. Retinal areas were measured with a HIPAD digitizer pad liked to a computer. Total retinal cell number was estimated by proportionality from sample counts. The dendritic morphology of immunoreactive cells was determined by drawing the cells at 400 x magnification with the aid of a drawing tube attached to an Olympus BH2 microscope. Dendritic field sizes were estimated from the drawings by measuring the area delineated by the extent of the dendrites.
In flatmounted retina from Pogona vitticeps, the position of 200 cells of identifiable type were marked in areas of 1-2 mm2. For each cell the distance to its nearest neighbour was measured. The distances were classified in histograms and the distribution was compared to the calculated normal Gaussian distribution (WASSLE and RIEMANN, 1978) .
The soma sizes of different classes of NPY-immunoreactive cells were measured at 400 x with the aid of a drawing tube projected onto a HIPAD digitizer pad and linked to a computer. All cells measured were chosen from the mid-dorsal retina.
RESULTS
In both species studied, NPY-immunoreactive cells were found mostly in the inner nuclear layer (INL) and occasionally in the ganglion cell layer (GCL). Total NPY-immunoreactive cell numbers in complete retinal wholemounts were calculated to be 8,632 in Pogona and 32,863 in Varanus.
NPY in the retina of Pogona vitticepsmorphology of cells
There may be as many as four different morphological types of NPY-like immunoreactivity in the Pogona retina; however, two types were readily distinguishable on the basis of their soma sizes and dendritic arborization pattern. The other cell types had palely labelled somata and their dendritic arborization could not be visualised with the applied technique. A large cell type (soma size 107.8,um2+49.4 s.d.; n= 75) with somata was located mostly in the INL, but ocassionally in the GCL (Figs. 1A, 2) . For convenience, it was referred to as a type A cell. Two to five coarse dendrites with large varicosities left the somata and travelled in the scleral sublamina (S1) of the inner plexiform layer (IPL) and extended dendrites more proximally into 52/3 of the IPL to form a bistratified branching pattern. These cells had overlapping dendritic arbors (6.9 x 10-3+3.15 x 10-3 mm2; n=5). Nearest neighbourhood analysis of type A cells whose somata were located in the INL showed that the distribution of distances was similar to a Gaussian curve (Fig. 3) , suggesting that they were distributed in an orderly manner within small regions across the retina. It was estimated that type A cells made up about 50% of the total NPYimmunoreactive amacrine cells of the Pogona retina. A second recognizable type, referred to as type B, had small, intensely immunoreactive somata mostly located in the INL; however, some were displaced into the GCL (Fig. iB) . Type B cells had usually one, occasionally two major dendrites (Figs. 1B, 4) . The main dendrite traversed through the IPL to arborise predominantly in 55 of the IPL. The arborization pattern consisted of fine dendrites with small blob' shaped varicosities (Fig. 1B) . Some neurons were seen to have a bistratified dendritic arbor with a process extending into the middle regions of the IPL. Although the retinal distribution of type B neurons could not be determined, the fine dendritic processes in 55 attributed to these neurons were more sparsely distributed in the peripheral than in the central part of the retinal wholemounts. The dendritic field sizes Fig. 3 . The distances between cell bodies of 75 type A neurons were measured and compared with the calculated normal distribution (thick black line) of the same mean (x=107.8) and standard deviation (49.4). There is no significant difference between the two distributions (X2; p<0.05). The regularity index, the ratio between mean/ standard deviation (WASSLE and RIEMANN, 1978) varies between 2.3 and 2.1. of these cells averaged 0.85 x 10-3+0.19 x 103 mm2 (n5). The morphological characteristics of the other two NPY-immunoreactive cell types could not be readily determined in retinal wholemounts or sections. However, three levels of dendritic arborization of NPYimmunoreactive processes were seen in retinal sections at S1, S2/3, and S5 of the IPL (Fig. 5) .
NPY in the retina of Varanus gouldii morphology of cells
In the retina of Varanus gouldii, the morphology of two cell types with NPY-like immunoreactivity could be distinguished. Both had small to medium sized somata and dendritic fields. Type A cells had medium sized somata in the INL and small to medium dendritic fields with an elaborate dendritic arborization in S3 and S5 of the IPL (Figs. 6C, D, 7) . Type A cells were non-uniformly distributed with a higher cell density in the retinal centre than in the retinal periphery. Correspondingly, their soma sizes increased with retinal eccentricity (Fig. 8) .
Type B cells were frequent in the central retina, with their cell bodies located both in the INL and GCL. They were distinguishable by the size and shape of their dendritic arbors and by the level of their dendritic stratification in the IPL (Figs. 6A, 9) . A single process extended from the somata to S5 of the IPL where fine branches with 'blob'-like varicosities were displayed. Although these neurons had a dendritic morphology different from the type B cells of the Pogona retina, their dendrites branched in S5, the vitreal part of the IPL. In cross-sections, levels of NPY-like immunoreactivity were seen at Sl, S3 and S5 of the IPL (Fig. 5) . The middle layer of NPY-like immunoreactivity differed in the retina of Varanus gouldii from that of Pogona vitticeps.
Retinal distribution of NPY-immunoreactive cells
All the morphologically characterized cell types in both species were non-uniformly distributed across the retina. Higher cell density was evident in the retinal centre compared with dorsal and ventral retina in both species. A representative case of a Varanus retina is shown in Figure 10 . The distribution of NPY-immunoreactive neurons both in orthotopic (Fig. lOB) and in displaced (Fig. l0A) position form a central to peripheral density slope. Within small regions of the retina, nearest neighbour distance analysis (type A cells in retina of Pogona, Fig.  3 ) indicated that the mosaic of these cells was distributed in a regular manner. 
DISCUSSION
An antibody raised against NPY revealed morphologically distinct cell types in both lizard species. On the basis of the size and the position of the somata of these neurons and their dendritic branching patterns, they were classified as types A and B amacrine cells. Immunoreactive cells with similar morphology were located in the GCL and were considered to be types A and B displaced amacrine cells.
The morphology of NPY-immunoreactive amacrine cells NPY-immunoreactive amacrine cells have been found in the retinae of many species including the goldfish (OSBORNE et al., 1985) , frog (HISCOCK and STRAZNICKY, 1989) , turtle (ISAYAMA and ELDRED,1988) and pigeon (VERSTAPPEN et al., 1986) . In these species NPY-immunoreactive amacrine cells represent morphologically distinct cell types with unistratified, bistratified or multistratified dendritic branching in the IPL. Type A cells in the Varanus and Pogona retinae resemble bistratified NPY-immunoreactive cells of the turtle retina. The dendritic branching pattern was more elaborate in Varanus (similar to turtle) than in Pogona. Type B cells were similar to each other in the two lizard species: smaller pale labelling and unistratified in the outer IPL. Similar NPY-immunoreactive cells have been found in the pigeon retina (VERSTAPPEN et al., 1986) . Amacrine cells with widefield dendritic arbors seen in some anuran retina (HISCOCK and STRAZNICKY, 1989) were not seen in lizard retina.
The analysis of sectioned material showed three levels of branching for NPY-like immunoreactivity in the lizard retinae. Although not at exactly the same levels of the IPL, NPY-like immunoreactivity was seen in layer 1, mid IPL and layer 5. This stratification is similar to observations for some frog species, the carp, goldfish, skate (BRUUN et al., 1986) and turtle (ISAYAMA and ELDRED, 1988) but unlike some anuran species (HISCOCK and STRAZNICKY, 1989) , the pigeon, chick, pig and human (BRUUN et al., 1986) where NPY-like immunoreactivity has been seen in 51 and 55 of the IPL. The significance of these two patterns of organization is not known.
Retinal distribution of NPY-immunoreactive neurons
Similar to other vertebrate species, the lizard retina has a high cell density visual streak in the GCL STRAZNICKY, 1991, 1992) . NPY-immunoreactive amacrine cells in the INL of Pogona and Varanus were distributed non-uniformly, with a higher density corresponding to the visual streak of the GCL than in the peripheral retina. However, as in the anuran retina (ZHU et al., 1990; HlscocK and STRAZNICKY, 1989) , the non-uniform distribution of NPY-immunoreactive amacrine cells in the lizard retina is likely to be of a lower gradient than that of all cells of the INL. In the INL of the Bufo marinus retina, a gradient of 3 :1 between cells of central and peripheral retina occurs whilst NPY-immunoreactive amacrine cells are evenly distributed.
Despite the density changes of the NPY-immunoreactive amacrine cells across the lizard retina, identified cell groups were arranged in an orderly manner in the peripheral retina, similar to observations in anuran species (HISCOCK and STRAZNICKY, 1989) .
Functional considerations
Rarely occurring, medium to wide-field amacrine cells of the retina have been associated with neuropeptide or monoamine content in various vertebrate species (MASLAND, 1988) . These cells have a sparse but medium to large dendritic tree which overlaps extensively. The stratification of dendritic branches of NPY-immunoreactive amacrine cells occurs in particular layers of the IPL of the retina in lizards and other animals. However, ultrastructural studies in turtle retina (ISAYAMA et al., 1988) have shown NPY-immunoreactive amacrine cells form mostly interamacrine and rarely amacrine-bipolar cell synapses, suggesting that they do not directly influence particular ganglion cell types.
Recent observations in the retina of anura have shown colocalization between GABA and neuropeptides in amacrine cells. The colocalization of GABA and NPY in these cells is almost 100% (MAIN et al., 1993) . GABA-activated current responses are potentiated by neuropeptide Y (VERUKI and YEH, 1992) . A possible co-release of classical neurotransmitter substances (GABA) and putative neuromodulators (NPY) could bring about increased efficacy of the postsynaptic mechanism.
Functional studies in the chick and rabbit retina have suggested the presence of receptor sites for NPY-related peptides (BRUUN et al., 1986) . The broad distribution of NPY-immunoreactive processes in the IPL and the likely colocalization of GABA and NPY suggest that these cells may have a indirect neuromodulatory effect on ganglion cells by way of inhibitory interamacrine contacts. In summary, the present study morphologically characterized two NPY-immunoreactive amacrine 
